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SUMMARY

Several advanced nuclear fuel concepts are being considered throughout the nuclear industry.
Implementation of these concepts could increase accident tolerance or enhance performance beyond the
capabilities of the UO»-based nuclear fuel currently in use. Qualification and deployment of any new fuel
requires rigorous irradiation testing to demonstrate performance under representative normal and off-
normal operating conditions. The traditional approach for qualifying new fuels requires exhaustive
execution of many integral fuel tests. However, due to the long timeframe for executing these integral
tests and the limited number of available materials test reactors, this approach is becoming impractical.
To accelerate fuel qualification, Oak Ridge National Laboratory developed the MiniFuel irradiation
vehicle for use in conducting accelerated separate effects irradiation testing of a wide range of nuclear
fuel materials in the High Flux Isotope Reactor (HFIR). The first MiniFuel irradiations performed in the
facility tested sol gel-derived uranium nitride kernels and tristructural isotropic (TRISO)-coated particle
fuels. This report describes the preparation and assembly of the first set of monolithic MiniFuel
irradiations conducted to support accident-tolerant fuel (ATF) development and accelerated fuel
qualification. Two irradiation targets containing a variety of UO, and UsSi; disk fuel specimens were
fabricated and assembled for irradiation to burnups of 8—10 and 28—40 MWd/kg U. The target
irradiation temperature is 450—550°C. Irradiation of UsSi, will provide new data regarding the irradiation
performance of a candidate ATF to complement current ATF-1 integral experiments being performed in
the Advanced Test Reactor. UO, samples were included as a reference so that the results from the
MiniFuel experiments can be compared with the extensive UO; fuel performance database. The
monolithic MiniFuel capsules were successfully assembled, welded, and tested per HFIR requirements
and are ready for insertion into the reactor. Pictures of the assembly process are included in this report.
The experiment is planned for insertion into the HFIR during cycle 487 in April 2020.
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1. INTRODUCTION

Any new nuclear fuel concept must undergo rigorous irradiation testing so that a comprehensive
knowledge base of fuel performance can be built to ultimately make the regulatory case to license the
fuel. This has traditionally been accomplished by performing exhaustive integral fuel testing, including
full- or near-full-scale testing under environmental conditions closely matching those of the intended
application [1]. However, this logical approach presents some challenges that must be addressed. First,
detailed analyses are required to properly design and characterize a full integral fuel test. This
requirement requires significant time and cost when qualifying new fuels. Second, because integral tests
are performed under prototypic conditions, the fission rate must also be matched to that of the intended
application. This means that the time required to reach end-of-life burnup will take at least as long as the
fuel would operate in its final application, and likely longer, because most test reactors operate at a much
lower capacity factor than commercial reactors. Third, it is difficult to isolate a single fuel performance
variable and develop a thorough scientific understanding of fuel performance during integral testing with
so many interdependent variables. This lack of scientific understanding makes it extremely difficult to
extend the use of a fuel that was tested under a specific set of conditions to other applications with
different environmental conditions.

To accelerate the timeframe to qualify new nuclear fuels, a new, two-part approach is being
developed that relies on modern modeling and simulation tools to rapidly identify parameters with a high
impact on fuel performance and a large uncertainty. This data will allow for proper prioritization of
targeted irradiation experiments. The second part of the approach to accelerated fuel qualification is to
leverage separate effects irradiation tests. These tests will be designed specifically to isolate the most
impactful fuel performance variables and provide experimental data to fill these critical gaps in the fuel
performance models. Accordingly, Oak Ridge National Laboratory (ORNL) has developed and deployed
a new experimental capability in the High Flux Isotope Reactor (HFIR): the MiniFuel irradiation vehicle
[2-4]. This irradiation testing capability allows for highly accelerated burnup accumulation with minimal
coupling between the fission rate and the fuel temperature. This is accomplished by reducing the volume
of the fuel and packaging the miniature fuel specimens inside individually sealed capsules. The properly
designed capsule ensures that the total nuclear heat generated inside each capsule is dominated by gamma
heating in the structural components as opposed to fission heating in the fuel. This allows for a flexible
irradiation vehicle that can accommodate a wide range of fuel compositions, enrichments, and even
geometries. The small size of the fuel also greatly reduces temperature gradients, which allows for near-
isothermal conditions.

The MiniFuel experiment vehicle has been successfully used to test a variety of sol gel-derived
uranium nitride kernels and tristructural isotropic (TRISO)-coated particle fuels [5]. This document
describes the successful assembly of the first set of MiniFuel targets containing monolithic fuel
specimens that more closely resemble traditional UO, pellets. Two irradiation targets—each containing
UsSi; and reference UO; fuel disks—will be tested to a low (~8—10 MWd/kg U) and moderate (~28—40
MWad/kg U) burnup at temperatures in the range of 450—550°C. This report describes the fuel
configuration and test matrix, the expected fuel burnup and temperature profiles, pre-irradiation
characterization, experiment assembly, and plans for post-irradiation examination.
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2. EXPERIMENT DETAILS

2.1 Fuel configuration and test matrix

The primary differences between the first MiniFuel experiments and the experiments described
in this report are the fuel geometry and composition. The planned experiments discussed herein will test
monolithic U3Si; disks fabricated by Los Alamos National Laboratory (LANL), along with UO- disks
fabricated at ORNL that will serve as a reference. The experiment geometry showing disk specimens
contained inside sealed capsules is shown in Figure 1. The experiments described in this work will be
inserted into two different baskets located in different inner small vertical experiment facilities in the
permanent reflector of HFIR. Each target will be positioned in radial target position 2, facing away from
the core centerline, and axial target position 1, at the vertical midplane of the core. Images of the UsSi;
and UO; disk specimens are shown in Figure 2 and Figure 3, respectively. The test matrix is summarized
in Table 1.

Basket
a Target
o g Capsule ®425 um kernels
[a}
3 radial 3 =
target |
positions 6
R
|Orientation ®800 um kernels
[notch facing
reactor core
= Insulators
6 capsule S | Thermometry
positions 3
ey ; ®1.2 mm TRISO
2 Centering Cup
| thimbles
‘l =
= £
E[ ®3 mm x 0.3 mm disk
~N

Figure 1. MiniFuel experiment configuration showing sealed capsules with disk specimens (this work), as
well as other potential fuel configurations. This figure was reused with permission from Petrie et al. [2].



Monolithic ATF MiniFuel Sample Capsules Ready for HFIR Insertion
January 17, 2020

Figure 3. Pictures of the UO; disk specimens.
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Table 1. Test matrix for UsSi, and UO, monolithic disk irradiation.

Target
ID

Fuel
form

Fuel sample
ID

235U
enrichment

Target
burnup

Target temperature

LAO1

uo;

AREVA-02

AREVA-04

AREVA-06

0.35 wt%

UsSi,

35-P-19-47

35-P-19-48

35-P-19-51

0.19 wt%

8-10
MWd/kg U

LB02

uo;

AREVA-07

AREVA-08

AREVA-10

0.35 wt%

UsSiz

35-P-19-52

35-P-19-54

35-P-19-55

0.19 wt%

2840
MWd/kg U

450—-550°C

2.2 Pre-irradiation characterization

Pre-irradiation characterization included measurements of diameter, thickness, mass, and density
(see Table 2). Additional unirradiated samples were preserved so that the irradiated and pre-irradiated
microstructures can be compared. Dimensions for the UsSi, specimens were measured independently by
ORNL and LANL. At ORNL, diameter measurements were performed using calipers with 0.01 mm
precision. Thickness measurements were performed using a micrometer with 0.001 mm precision. All
samples were weighed using a scale. To determine density, volumes were calculated at ORNL using
three different methods: (1) a simple geometric calculation using the measured diameter and thickness,
(2) x-ray computed tomography (XCT) [7, 8], and (3) a wide area 3D optical profilometer (Keyence VR-
5000). Geometric measurements performed at ORNL and LANL are labeled “ORNL Geo” and “LANL
Geo,” respectively. Measurements made with the Keyence optical profilometer are labeled “Keyence.”

Dimensions of the UO, specimens were measured after pressing and sintering but before
grinding. These pre-grinding measurements were used to determine the specimens’ geometric densities,
because the larger specimen thickness could be measured more accurately. The reduced geometric
accuracy post-grinding is evident when comparing the uncertainties in the geometric densities
determined by ORNL for the UsSi» specimens, which were measured after grinding, to the geometric
densities for the UO, specimens, which were measured before grinding. It is possible that the outer
regions of the specimens were more porous and that grinding these regions resulted in increased
densities compared to the densities determined before grinding. All uncertainties are +2o0 (95%
confidence interval). The geometric uncertainties were determined via error propagation of the
uncertainties in the measured diameters and thicknesses. Uncertainties are not reported for the Keyence
measurements. LANL densities were determined geometrically after the specimens were ground to their
final geometries using immersion density pre-grinding, although no uncertainties were reported for any

of the measurements [6].

Figure 4 and Figure 5 show the percent theoretical densities determined for each UO- and UsSi»
specimen, respectively, using different techniques. The theoretical densities were assumed to be 10.96
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and 12.20 g/cm?, respectively [9]. With a few exceptions, geometric measurements, XCT, and Keyence
measurements generally give consistent volumes for the UO; specimens. Some XCT measurements
predict densities >100% theoretical density, although the uncertainties are on the order of 5%. For the
UsSi2 specimens, the Keyence measurements for specimens 52 and 54 are clearly nonphysical, with
values close to 150% of theoretical density. It appears that the profilometer did not capture the thickness
of these discs properly. The remaining densities are generally consistent across the various measurement
techniques, although it is difficult to assess some of the data for which uncertainties are not reported.
Geometric uncertainties are significantly greater for the UsSi, specimens than the UO, specimens. This is
due to larger variations in UsSi, specimen thickness compared to the thickness variations in the UO;
specimens. Efforts to resolve inconsistencies between the various technigues and to select the most
appropriate techniques for pre- and post-irradiation density measurements are ongoing.

Table 2. Pre-irradiation mass and dimensional measurements of specimens.

. . Density (percent theoretical)
Fuel sample| Fuel Mass (q) Diameter | Thickness
ID form (mm) (mm) ORNL [LANL| LANL XCT | Keyence
Geo Geo | Immersion

AREVA-02 0.0251 3.28 0.271 96.1+1.2 | N/A N/A 96.4+5.6 94.6
AREVA-04 0.0262 3.23 0.273 93.3x1.2| N/A N/A 102.3t4.3 94.7
AREVA-06 0.0306 3.28 0.324 93.8+1.2| N/A N/A 99.5+5.9 95.5
AREVA-07 ve. 0.0326 3.28 0.350 92.1+1.1| N/A N/A 95.4+4.1 96.1
AREVA-08 0.0300 3.28 0.333 94.3x1.2| N/A N/A 97.2+4.4 94.1
AREVA-10 0.0305 3.29 0.342 93.5+1.1| N/A N/A 97.6£4.4 95.0
35-P-19-47 0.0200 2.807 0.276 96.1£2.0| 93.5 87.6 93.6+£3.6 89.9
35-P-19-48 0.0186 2.807 0.255 96.8+£7.7| 94.3 89.5 89.3+3.3 90.3
35-P-19-51 ~ | 0.0173 2.810 0.235 97.2+5.0 [ 92.9 93.2 89.9+1.8 91.4
351952 | 02 [ 00180 | 2827 | 0245 |960:22] 955 | 911 |1018524| 1499
35-P-19-54 0.0204 2.847 0.277 95.0£2.6 | 93.2 90.5 95.3t5.4 147.2
35-P-19-55 0.0189 2.813 0.268 93.0£5.2| 92.9 90.6 89.1+4.1 91.0
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Figure 4. Percent theoretical densities for the UO, specimens determined using geometric measurements
(ORNL Geo), XCT, and a 3D Keyence optical profilometer (Keyence). Only the last two digits of the
specimen IDs are shown.
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(ORNL Geo and LANL Geo), immersion (LANL Immersion), XCT, and a 3D Keyence optical
profilometer (Keyence). Only the last two digits of the specimen IDs are shown. Keyence measurements
for specimens 52 and 54 are off scale and clearly nonphysical (>100% theoretical density).
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3. EXPERIMENT ANALYSIS RESULTS

3.1 Burnup calculations

Fuel fission rates and burnup were calculated by coupling the MCNP and ORIGEN codes. Over
time, the initial 2°U is burned, but breeding of fissile Pu isotopes allows for continued burnup
accumulation with a fission rate that approaches an equilibrium after approximately 6 cycles of
irradiation. Previous MiniFuel irradiations were inserted into the two radial target positions that face the
center of the HFIR core. The monolithic fuel irradiations described in this report will be placed in the
third radial position that faces away from the HFIR core. All targets will be placed at the axial midplane
of the core. Moving radially away from the center of the core results in a slight reduction in the fission
rates. Figure 6 shows fuel fission heating rates and accumulated burnup vs. the number of HFIR cycles
for UsSi, specimens fabricated from depleted uranium (0.22% 23U). At this writing, burnup simulations
have been performed for 4 cycles of irradiation. Simulations for up to 12 subsequent cycles are ongoing.
The burnup, which is expressed per unit mass of uranium, is identical for UO and U;Si, specimens.
Results are shown for various capsule positions within the irradiation target. The capsule positions are
designated as follows:

o radial target position = R,
e axial target position = A, and
e subcapsule or capsule position = S.

RAS positions 121, 123, 124, and 126 are shown in Figure 6, covering the entire range of the
irradiation target, from bottom to top. Based on these results, it is anticipated that after 4 cycles, a burnup
of approximately 8 MWd/kg U will be reached. Because the fission rates typically approach an equilibrium
after ~6 cycles [2], it is expected that after 12 cycles of irradiation, the total burnup will be approximately
28 MWd/kg U. The final burnup for target discharge will be determined by as-run HFIR operations and
programmatic goals for accumulating burnup that is comparable to other experiments.
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Figure 6. Calculated UsSi; fuel fission rate (solid lines) and burnup (dashed lines) vs. irradiation time or
number of HFIR cycles for the first 4 cycles of irradiation in capsules with RAS IDs 121, 123, 124, and
126. R = radial target position, A = axial target position, and S = subcapsule (or capsule) position.

3.2 Thermal analyses

Figure 7 shows temperature contours for a capsule containing UsSi. fuel disks. These
temperatures were calculated at the end of 4 cycles of irradiation in position RAS 123. Temperature is
controlled by choosing the size of the gas gap between the capsules and the target housing, as well as the
composition of the fill gas, which was chosen to be a 40.5% He—Ar balance mixture. The interiors of the
capsules are filled with helium. The diameters of the capsules are nominally 9.20 mm, resulting in a
nominal gas gap of 0.86 mm (10.06 mm inner target diameter). The average fuel temperature is
approximately 542°C. The temperature gradients in the fuel are minimal (4°C) because of the small fuel
size. The passive SiC temperature monitors (TMs) have an average temperature of approximately 514°C
(~30°C lower than the fuel temperature) with temperature gradients of only ~2°C. The passive SiC TMs
will be used to confirm the irradiation temperatures [10].
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Figure 7. Predicted temperature contours (in °C) for a U3Si, disk specimen in position RAS 123

at the end of 4 cycles of irradiation. Results show the capsule
assembly (top) and the fuel specimen (bottom).

Figure 8 shows the average fuel and TM temperatures for all UsSi. fuel specimens at beginning
of cycle (BOC) and end of cycle (EOC) for cycles 1, 4, and 12. Temperatures for UO, specimens are
very similar, as the fuel specimens have similar geometries and enrichments, and the MiniFuel
experiment vehicle was specifically designed to be insensitive to variations in fuel heat load. The fuel
temperature generally remains within the desired range of 450—550°C for most of the experiment. Fuel
temperatures increase from BOC to EOC due to the withdrawal of the HFIR control plates. This
increases the neutron and gamma flux in the reflector positions. For the MiniFuel experiments, the
primary effect is an increase in gamma heating rates in the structural materials. There is also a small
increase in fuel temperatures from Cycles 1-12 due to increases in fission heating resulting from
breeding of plutonium isotopes (see Figure 6).
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Figure 8. Calculated variations in the average UsSi» disk fuel temperatures (top) and TM temperatures
(bottom) at beginning of cycle (BOC) and end of cycle (EOC) for cycles 1, 4, and 12.
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4. EXPERIMENT FABRICATION

As shown in Table 1 above, 12 fueled capsules were assembled. The parts layout for one capsule
is shown in Figure 9. The components include a single fuel disk specimen (UO- shown), the capsule
itself, and the capsule’s endcap, cup, TM, filler, and insulators. The signed subassembly fabrication
request forms are provided in Appendix A. All capsule components were dimensionally inspected and
cleaned according to HFIR-approved procedures, drawings, and sketches.

)‘v‘

j‘.(?fapsule

Fuel disk

Figure 9. Components for one UO,-fueled capsule.

The fuel disks are loaded into the cup inside a custom bottom loading fixture as shown in Figure
10. After placing the fuel specimens in the cup, the filler is placed on top of the cup assembly, and the
top loading fixture is used to apply pressure to the filler while it is flipped upside down, as shown in
Figure 11 (a,b). The capsule is then flipped upside down and placed over the filler, as shown in Figure
11(c). The capsule is turned upright, and pressure is applied again with the top loading fixture to keep
the internal components from moving. Figure 12 shows an upright capsule after inserting the TM (a), the
insulators (b), and the endcap (c). Lines were engraved into the upper regions of the capsules to identify
the location where each capsule should be punctured after irradiation, to measure fission gas release, and
then cut open.
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UO, fuel disk

. Bottom loading
fixture

Bottom
loading
fixture

fixture

Figure 11. Filler placed over cup assembly and turned upside down while applying pressure with top
loading fixture (a), bottom loading fixture removed (b), and capsule is turned
upside down and placed over the tube and cup assembly (c).
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Figure 12. Loading TMs (a), insulators (b), and endcaps (c) into a capsule.

After the internal components were assembled, all capsule endcaps were welded to the capsule
bodies using an electron beam weld (see Figure 13). The capsule assemblies were then placed inside
sealed containers that were evacuated and backfilled with ultra-high-purity helium three times to ensure
a pure environment. The containers were placed inside a glove box, which was also evacuated and
backfilled with the same gas used in the sealed containers. Each capsule’s end cap has a small hole that
was seal-welded using a gas tungsten arc welding procedure. All welds passed visual examination. Each
capsule was then sent for nondestructive examination, which included a bubble test and a helium leak
test. All assemblies passed the nondestructive examination (see Appendix A).

Figure 13. All 12 capsules prepped for electron beam welding (a);
close-up views of a single capsule before (b) and after (c) welding.
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5. PLANNED POST-IRRADIATION EXAMINATION

The first target (LAO1) will be irradiated to a nominal burnup of 8—10 MWd/kg U, which
corresponds to 45 cycles of irradiation. After a few months of cooling, the LAO1 target will be shipped
to the Irradiated Fuels Examination Laboratory (IFEL) for disassembly in the late calendar year 2020
timeframe. The higher burnup target (LB02) is scheduled for 12 or more cycles of irradiation, which
corresponds to a nominal burnup of 28 MWd/kg U or higher. The final discharge burnup for LB02 will
depend on results from LAOL and results from other UsSi; irradiations. The tentative date for shipping
LBO02 is some time during calendar year 2022. After the targets are received at IFEL, they will be cut
open with a slow-speed saw to extract the individual capsules. The capsules will then be punctured in a
specially designed apparatus to collect the released %K fission gases. The 8Kr gases will be frozen in
cold traps, and then gamma counting of the traps will be performed to measure the 8Kr content, and thus
the fission gas release [8]. The the capsule endcaps will be cut using a slow-speed saw so that the TMs
and fuel specimens can be extracted. The fuel will be transferred to separate facilities to measure mass
and volume. Measurements will likely be taken using XCT [7], which will allow for determination of
fuel swelling. Finally, the specimens will be prepared for microstructural characterization using optical
and electron microscopy.
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6. SUMMARY AND CONCLUSIONS

This report summarizes the first successful fabrication of MiniFuel capsules loaded with
monolithic ATF samples under AFC. UsSi, and UO, samples were successfully assembled into capsules,
welded, nondestructively tested, and are now ready for insertion into the HFIR during cycle 487 (April
2020). These monolithic fuel disks will be evaluated post-irradiation to determine swelling, fission gas
release, and microstructural evolution. This report describes the test matrix and the pre-irradiation
specimen characterization, including pictures of the specimens and the capsule assembly process. One of
the key challenges moving forward will be to choose the appropriate technique to accurately quantify the
physical density of these small fuel samples so that fuel swelling can be accurately determined. The data
that will be collected from this experiment will complement current integral tests of UsSi. being
performed in the Advanced Test Reactor and will ultimately inform fuel performance modeling of UsSi.
for light-water reactor applications. The inclusion of monolithic UO; specimens in a MiniFuel experiment
will provide the first opportunity to benchmark MiniFuel experiments against the large amount of UO;
fuel performance data that has been collected over many decades.
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APPENDIX A. FABRICATION DOCUMENTATION FOR EXPERIMENTS
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Capsule Fabrication Request Sheet

Target ID:

Page 1 of1
Date 1/8/2020

Irradiation Conditions Approvals

Irradiatizn Location [, A} 12 Request Bluild

e s LR Yoo | Jhue ety IR0

First Cyela Goal 487 1 P l

Fil Gas Hie Checked by: |Petrie, CRIrStian e s e, com u. .

Irragiaion Temgperatune EODEC M. (r(:p} - B MM}M”

Haolder assambly deawing 517-13-CER_FUEL. Rev. 2 -

Heldder Assembly Compenent 105 fer sach holder I Camponent mass (g) for esch halder 1D

Lomponant Drawing v, [Fart]  Materlal [MATIR|FABIR]  LA1E) LAtz | La123 | LAizd LA1ZS LATZ6 | Ladat | LA122 | LAT23 | La124 | LA12E | Lat2e | A

Holder E17-14-CER_FUEL| Z | 1 | TiGAMV | 21032 | 21047} 1808 18-10 18-1 1812 1813 16-14 | 3.3086 | 32764 | 32703 | 32702 | 32747 | 3.2707 | 196711

End cap S1T-14-CER_FUEL| 2 | 2 | TiGAldv | 20800 | 20806 ) 16-24 18-25 1826 1827 18-28 1826 | 0.2234 | ©.2226 | 0.2255 | 0.2244 | 02228 | 0.2532 | 13418

Tube SITASCER _FUEL| 2 | 2 ity 20611 | 20606 |  18-26 18-27 18-28 18-28 18-30 1832 | 3.3327 | 3.3354 | 3.3380 | 3,3508 | 33502 | 3,3381 | 20,0851

| Themometry B1T-1%CER_FUEL| 2 | 3 G 20863 | 148 | 11 1802 1803 1804 1905 16-06 | D.0434 | 0.0437 | 0.0435 | 00434 | 0.0431 | 0.0435 | D.2E0E

Insulazor disks (ist total # and mass) |S17-13-CER_FUEL| 2 | 4 Grafed | 19812 | 10812 Spes 5 pes 5 pes 5 pes 5pes Epcs | 00125 | 00927 | 0.0128 | 00127 | 00118 | 0.0128 [ 00750

Dizk fusl dish 517-25-CER:FI.EL 2|2 Mizky 20611 | 21050 1501 15-02 1803 18-04 1005 16-0B | 0.3815 | 0.3575 | D,3833 | 0.3543 | 03620 | 03848 [ 24974

sk fuel specimen B17-28-CER_FUEL| 2 | 3 [T5H 20818 | 20818 | Areva-02 | Areva0d | Areve-06 ) HiA WA fobest | dozee | 0006 | wa | N | na | 00819

Disk fuel specimen 817-26-CER_FUEL| 2 | 3 L3Si2 | 20818 | 20818| N HIA WA [35-PoSAT | IEPoI08 | MPaET | NA | NA Wi | 00200 | 00186 | 00473 | DU0S5D
Tetsl | F3074 | : : ]
Fuel [ Ou0257 |

Capsule fabrication request sheet for target LAOL.
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*
Capsule Fabrication Request Sheet Eagelilia 1
p q Date 1/0/2020
Target ID: LBOZ
Irradiation Conditions Approvals
Irradiation Location (R, A} 1 2 Reguest Build
Performed by: i N il
S : — L2 Vielzo | Jhucle(rey TR0
First Gycle Goal 487
Eill Gas He Checked by: | Patrie, Christian gy st Peia. hisian - Z/:;é:zz
Lesation:
Irradiation Temperature 500°G M.(rcp)  ieeeessoss:
Helder assembly drawing S§17-13-CER_FUEL, Rev, 2
Holder Assembly Component IDs for each holder ID Component mass (g) for each holder ID
Component Drawing Rev.|Part] Material [MAT IR|[FABIR| LB121 | LE122 | LB123 | LEt24 LE125 LB126 | LB121 | LB122 |LB123 | LB124 | LB125 | LB126 | Al
Holder S17-14-CER_FUEL| 2 | 1 | T-saMv | 21033 [ 21047 | 1848 | 18418 | 1917 | 1s-18 19-19 1820 | 3.2827 | 3.2738 | 3.2708 | 3.2706 | 3.2740 | 3.2539 | 19.5358
End cap S17-14-CER_FUEL| 2 | 2 | Ti-AMV | 20803 | 20805| 1g-18 | 18-1% | 18-20 18-21 18-22 1823 | 02255 | 0.2216 | 0.2242 | 02233 | 0.2245 | 02238 | 1.3429
Tube S17-13-CER_FUEL| 2 | 2 Moty 20811 | 20806 | 18-33 18-34 18-35 18-38 18-37 18-38 33481 | 33320 | 3.3385| 3.3660 | 3.3286 | 22584 | 20.0650
Thermometry S17-13-CER_FUEL| 2 | 2 SiC 20063 | 21048 | 1807 | 18-08 18-08 1810 1811 1812 | 0.0436 | 0.0436 | 0.0437 | 0.0435 | 0.0432 | 0.0434 | 0.2610
Insulator disks (list total # and mass) |S17-13-CER_FUEL| 2 | ¢ Grafail 19812 | 19812| Spes 5 pes 5pes 5pes 5 pes §pos 0.0125 | 00126 | 0.0125| 0.0122 | 00424 | 0.0118 | 0.0741
Disk fuel dish $17-26-CER_FUEL| 2z | 2 Moly 20611 | 21080 | 1907 | 1808 19.09 1810 1811 1912 | 0,3842 | 03508 | 03583 | 0.3631 | 0.3646 | 0.3505 | 2.1715
Disk fusl specimen 517-26-CER_FUEL| 2 | 3 uoz 20818 | 20818 | Areva-07 | Areva-08 | Areva-10|  NA it [y 0.0326 | 0.0300 NiA Nia NiA | 0.0931
Disk fuel specimen §17-26-CER_FUEL| 2 | 3 uasiz 20818 | 20818 MiA A Mk | 35-P-19-52| 35-P-19-54 | 35-P-19-55| MN/A MiA 0.0180 | 0. D.0573
Tetal [78162] 72744 701
Fuel  [[0D326 | 0300}

Capsule fabrication request sheet for target LB02.
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"’1"}“ ORML Surveillance & [nspection Organization - Certificate #4121.01/5cope of Acereditation fo ISOVIEC

nu Report Number: 1/ ¢3/20 -/

R | -LI020%
1
ACCREDITED

Test Regquested by: . BE"-f S Alloviable Leak Rate: Lo &7 SidAim-cols
Date Requested: f2f.|’0 ’ /9 Date Required: !’2!”./”
Work Order Number: 2228487 Test Pressure Req. Across Boundary:  _ | A
Jtem Tested: Crustomer; —_
1Z ca. Min|Fmer CAesucez
PO : . X . nsidde - Qut
S.pecdh.anan. SI7-13 -cee Fuer ﬂgz‘\—l’DE 70, Rev: < Tec}rmgiue Uised; INS 19E ~ | Rew: (o] Outside - in

LEAK DETECTOR STANDARD LEAK

Make and Modei:

Manifaciurer; UEF?_o

Ao pten Aem 280 Tracer Gas: ‘%‘

Serial Number:

Model: Serial Number: (a7 (

5Ly

U /601293

Leak Rate: 5 oy =8 Atmecos@ -[ atm@ pp g~ °C

Correlation Formula:

TEST GAUGES [1 - (Tear~ Tang C1J LR Temp Cogfficient: 2 o

%/"C

Temp Gauges: ‘4_)0 25

Due: Carrelated LR: z S'E"S Atiecls @ - atm @ 726 €

7f30/zo

Pressure Gauges:

Due:

—_

Calibration Due Date:

i

MACHINE CALIBRATION

SYSTEM TEST CONIITIONS

System Pnenn;'c.' 2.3 %y i

System Temperature: 22.4 c |7 Surface [ Internal Gas

Background- < foet Fr— delta P Test Bouwndary:  _ { d"n‘?'

Leak Response: 2.5 e ¥ Atmcels | Tracer Gas: J’JL % Concentration: oo
Minimun Defectable Leak: Loe-t Atniocers | Svstem Response Time: P

Saiem Sensitivity: Z.uoE- 4 Atm-cols System Response: Z. ?6 - Atm-cels
Responge Time: . Duration of Test: A 2o 5

Aux, Eguipment;

@'Accm‘r [J REJECT [ SKETCH/DATA ATTACHED |3

COMMENTS:
Fiwe ¢7 LAIZ| = 12¢
LBIZl =126
Test Conducted By: -
S vop LAt O g P o) 13 fesze T 3200

Farm NDE T-MS, Rev, | CHOIZ

T

Helium leak testing results for all capsules
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ty, ORML Sucveillanee and Imspection Ongam eeticn [ Cortilieste 14102100/
% Scope of Acoreditation to ISOWIEC 170203012

Repori Number: | {13/20 -3

Test Requested by: b.B @t AT Customer: —
Date Requested:  jo f;‘o / ‘9 Date Requiired: /2 /"r / /', ¢
Werk Order Number: 2R IRYR7 NDE 70, Rev: =7 Tech, NDE70-BT Rev: o

ftem Tested: 5 EA. MInG FLUEL CAPSULES

Test Pressure Required: _ [ 4

Specfﬁcarfon:s.,?_l_.g -CER _Fuer. R.2-

Inspection Criteria: Mo Bu e Pasn

Technigue Used: Vi Bow Liquid Media Used: IMmen s (i loo @ Fe ¥, Sted
Test Gas Used: Ve Liguid Applicator Type: IMmErsls A
Inspection Light Intensity: o, = Post Cleaning Method:

Di BinsE - PRAy

Other Apparatus Used:

Component Limits of Test:

Component Installation Site

Component Test Site £T5D0
Gauges Test Pressure Temperature
Mfg 1D No Cﬂf;;ffm Range Beginning End Beginning End
Aooziz€ | 8lesf1f | 0-30"M | IS Ha 15" the —

Temperature Measuring Device

Mig. Mode!

LD Number

Range

Comments:

Cross L7
LAIZI =126
LBz /2¢€

Test Conduched By: é /
/ —

Evidide

Insp. Date: gy /n’?/ZGZO

|:
Leve ;ﬂj

Form NDE-70-Bubble Rev. | CHO2

IDRAS: 100

Bubble testing results for all capsules



